A novel magnetic solid-phase extraction (MSPE) method based on carboxymethylcellulose sodium modified , and the activity of a-chymotrypsin is well maintained after extraction. In addition, the proposed MSPE method provides satisfactory results in real sample analysis.
Introduction
Proteases play an irreplaceable role in the processes of life activities.
1,2 Chymotrypsin exists in vertebrates. 3 As a typical serine proteolytic enzyme, it can selectively hydrolyze peptide bonds on the C-terminal side of tyrosine, phenylalanine, tryptophan and leucine at a fast speed. 4 Compared with trypsin, a-chymotrypsin possesses many superior properties such as stronger ability to hydrolyze proteins, lower toxicity, smaller adverse reactions and so on. [5] [6] [7] [8] Therefore, it is of profound signicance to develop a simple and effective pretreatment method to extract a-chymotrypsin for further research.
On the basis of several conventional pretreatment methods like liquid-liquid extraction, 9 solid-phase extraction 10 and solidphase microextraction, 11 a novel extraction method, called magnetic solid-phase extraction (MSPE), has been developed in the past few years. [12] [13] [14] The procedure of MSPE mainly includes two steps: adsorption and desorption. Firstly, the analyte in the sample solution is adsorbed by the magnetic extractant; secondly, the adsorbed analyte is eluted by a suitable eluent from the magnetic extractant. In this procedure, the magnetic extractant dispersed in the solution can be easily separated from the supernatant with the help of an external magnetic led, which signicantly simplies the separation process.
Owing to a lot of outstanding advantages such as simple operation, less consumption of volatile organic solvents, high recovery, etc., many researchers have been attracted by this new technology.
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Owing to their ease to synthesize and low toxicity, magnetic Fe 3 O 4 nanoparticles are usually adopted to offer extractants with magnetism in MSPE method. [18] [19] [20] However, aggregation oen occurs to nanoparticles, 21 so a protective layer is needed. Carboxymethylcellulose sodium (CMC) is a carbohydratederived biomaterial, 22 which is of good biocompatibility, biodegradability, low cost and non-toxicity. 23 Thus, it can not only protect Fe 3 O 4 nanoparticles from aggregation, but also promote the biocompatibility to coat Fe 3 O 4 with CMC, which makes it more suitable for the analysis of biomass.
Ionic liquid (IL) possesses plenty of excellent properties such as electrochemical and thermal stability, low volatility, nonammability and so forth, which make it be regarded as "green solvents". Polymeric ionic liquid (PIL) is a further development of IL. 24, 25 PIL is equipped with the most useful properties of IL. Meanwhile, it possesses the superior properties of polymers, such as elasticity, plasticity, corrosion resistance and so forth. 26 As a result, the combination of PIL and MSPE method shows great attractivity and signicance in the led of biomolecules analysis.
In this work, carboxymethylcellulose sodium modied Fe 3 O 4 nanocomposite coated with porous polymeric dianionic ionic liquid (Fe 3 O 4 @CMC@PPDIL) was synthesized and applied to the extraction for a-chymotrypsin (a-Chy) coupled with MSPE method for the rst time. The extraction performance of Fe 3 -O 4 @CMC@PPDIL was further investigated and optimized.
Moreover, the activity of a-chymotrypsin eluted from extractant was tested. And the proposed method was successfully applied to the real sample analysis.
Experimental

Reagents and apparatuses
All reagents used in this work were analytical grade without any further purication. FeCl 3 , FeCl 2 $4H 2 O, hydrazine hydrate, sodium hydroxide (NaOH), carboxymethylcellulose sodium (CMC), sodium dodecyl sulfate (SDS) and itaconic acid were bought from Sinopharm Chemical Teagent Co., Ltd. (Shanghai, China). Choline, a-chymotrypsin (a-Chy) from porcine pancreas, bovine serum albumin (BSA), ovalbumin (OVA), lysozyme (Lys) and bovine hemoglobin (BHb) were supplied by Shanghai yuanye Bio-Technology Co., Ltd. (China). N-Benzoyl-L tyrosine ethyl ester (BTEE) was gained from J&K Chemical Technology Co. Ltd. (Beijing, China). Acrylic acid, N,N-methylenebisacrylamide (MBAA) and ammonium persulfate (APS) were purchased from Fucheng Chemicals (Tianjin, China). The water utilized throughout the research was ultra pure water.
The main apparatuses were listed below: B-220 thermostat water bath (Shanghai, China); UV-2450 UV-vis spectrophotometer (Shimadzu, Japan); STA409 thermal gravimetric analyzer (TGA, Netzsch, Germany); DZF-6051 vacuum drying oven (Shanghai, China); FT-IR spectrometer (PerkinElmer, USA); KQ 3200E ultrasonic cleaner (Kunshan ultrasonic instruments Co., Ltd., China); STA 409 thermal gravimetric analyzer (Netzsch, Germany); EV 11 Vibrating Sample Magnetometer (MicroSense, USA); HT-7700 transmission electron microscope (TEM, Hitachi, Japan); QWC200 incubator shaker (Shanghai, China); INOVA 400NB NMR (Varian, America). water and ethanol for several times and dried under vacuum at 50 degrees celsius to obtain the nal product.
Preparation of
Preparation of DIL-monomer
The dianionic IL-monomer was synthesized by one-step method referred to the literature. 29 The synthetic route is shown in Fig. 1 3 O 4 @CMC was treated with sonication for 20 min to disperse in 30 mL of ethanol. Aer that, 5 mL of acrylic acid was added into this suspension, followed by shaking for 1 h and then the resultant was washed with ethanol for several times and dispersed in 10 mL of ethanol. The resulting suspension was named as solution A. On the other hand, 0.5 mL of IL-monomer and 0.5 g of CaCO 3 were well mixed in 8 mL of water with the help of sonication for 20 min, which was named as solution B. Aer-wards, solution A and 10 mg of SDS were dispersed in 40 mL of water, bubbled with nitrogen for 30 min. Subsequently, solution B and 40 mg of MBAA were added into the resulting mixture. Aer bubbled for another 20 min, 0.5 mL of APS solution (20 mg mL À1 ) was added, and the dispersion was heated to 75 degrees celsius in water bath to polymerize for 7 h. The nal product was washed with EDTA solution (0.2 M), the pH value of which was adjusted to 7.5 with NaOH, to remove CaCO 3 , and then with water and ethanol for several times and dried in vacuum drier overnight.
The synthetic routes of Fe 3 O 4 @CMC@PDIL and Fe 3 O 4 @ CMC@PDIL/CaCO 3 were roughly the same with that of Fe 3 -O 4 @CMC@PPDIL. The former material was prepared following the same procedure mentioned above without addition of CaCO 3 . As for the latter one, the step that the product was washed with EDTA solution was skipped. In other words, the CaCO 3 wasn't removed.
Magnetic solid-phase extraction procedure of analytes
The synthesized extractants were applied in the MSPE of analytes (as shown in Fig. 2 ). Details are as follows. 5 mg of extractant was added into 1 mL of aqueous solution where the concentration of analyte was 1 mg mL À1 . Aer shaken at constant temperature of 30 degrees celsius for 30 min, the mixture was treated with a magnet at the bottom to obtain the supernatant. The concentrations of analyte in the supernatant and initial solution were detected by UV-vis spectrophotometer at corresponding wavelength, around 278 nm for a-Chy, OVA, Lys and BSA and 404 nm for BHb. The extraction capacity (Q) was evaluated according to the following formula:
where C o and C (mg mL À1 ) represent the protein concentration of initial solution and extracted solution, respectively. V (mL) is the volume of the initial protein solution and m (g) is the mass of extractant.
Analysis of a-chymotrypsin activity
The analysis of a-chymotrypsin activity was carried out by BTEE method. At 25 degrees celsius, 1.40 mL of a-chymotrypsin solution (1.18 mM) was mixed with 1.42 mL of Tris-HCl buffer solution (pH ¼ 7.8). Subsequently, 0.08 mL of CaCl 2 solution (2 M) was added into the mixture. Aer 0.10 mL of BTEE solution with suitable concentration, which was dissolved in 1 mM of HCl solution, was added, the resulting mixture was shaken for several times and recorded the increase of absorbance at 256 nm for 5 min immediately. The activity of a-chymotrypsin was described by the relative activity (U r ), which was calculated by the following formula:
where U e is the BTEE unit of a-chymotrypsin in the eluent and U n is the BTEE unit of a-chymotrypsin in the buffer solution with the same concentration. Fig. 3 ). It can be seen that the size of particles in Fig. 3B -D are all larger than that in Fig. 3A , which evidences the growth of ionic liquid polymer or CaCO 3 on Fe 3 O 4 @CMC nanoparticles. What's more, compared with other three materials, porous structure appears in the TEM picture of Fe 3 O 4 @CMC@PPDIL. 3.1.4. X-ray diffraction. The XRD patterns of the four kinds of extractants are shown in Fig. 4 O 4 @CMC is veried by the change of pI. The differences among the pI values of these materials prepared in this work are indeed very small, which may be the result that the amount of the coating layer over magnetic particles is very little and the components of these materials are similar to each other.
Comparison of extractants
To certify the priority of the porous material in extraction performance, the four kinds of extractants (Fe 3 3 ) were all applied to the MSPE procedure with the same operation as that described in section 2.5. In this study, a-Chy was selected as the target analyte. From Fig. 5 , absolutely, all the three kinds of polymeric ionic liquid-based extractants extract more a-Chy than Fe 3 O 4 @CMC, which proves that polymeric ionic liquid indeed promotes the extraction capacity for a-Chy. It can be attributed that the hydroxyl groups and dianionic center in ionic liquid improves the interaction between extractants and a-Chy, which causes the increase of the extraction properties of ionic liquid modied extractants compared with the unmodied extractant. investigated. From Fig. 6A , the extraction capacity increases fast in the range of 0.2 to 1.0 mg mL À1 and keeps unchanged till the concentration is over 1.0 mg mL À1 . This may be explained as that there is no more adsorption site to be available for a-Chy when the concentration keeps increasing. Thus, 1.0 mg mL À1 of a-Chy solution was utilized in the further study.
Effect of the extraction time.
To investigate the effect of the extraction time on the extraction capacity, a series of experiments were carried out within a period of time (10-120 min). From Fig. 6B , it is easy to nd that the extraction capacity of extractant for a-Chy increases clearly until the extraction time reaches 40 min. However, longer time seems to be no more benecial to the extraction procedure. In other words, the extraction equilibrium is achieved within 40 min in this study. As a result, the extraction time in the following research was set as 40 min. 
Effect of the extraction temperature.
As is known to all, experiment temperature may have impact on the extraction capacity. Researches on temperature were conducted from 15 to 40 degrees celsius. As can be seen from Fig. 6C , when the experiment temperature is 25 degrees celsius, the extraction capacity is the highest, compared with lower or higher temperature. Therefore, the next study was performed at 25 degrees celsius.
3.3.4. Effect of pH value. As the surface charges of proteins and solid-phase extractants are inuenced sharply by the pH value of sample solution, the pH value plays an important role in the extraction procedure. A group of experiments were carried out to study the inuence of pH value from 2 to 12 and the results are shown in Fig. 6D . Apparently, the crest value of extraction capacity is achieved at the solution pH value of 6, which can be ascribed to the opposite external charges between a-Chy (pI ¼ 8.1) and magnetic extractant (pI ¼ 2.7). The electrostatic attraction between them consumedly improves the extraction capacity. Accordingly, the MSPE procedure was conducted in buffer solution with pH value of 6 in the further research.
3.3.5. Effect of ionic strength. A series of sample solutions with concentrations of NaCl varying from 0 to 0.5 M were utilized in MSPE procedure to investigate the impact of ionic strength. As shown in Fig. 6E , it's no doubt that the existence of NaCl makes against the extraction performance. The ion from NaCl competes with a-Chy to be extracted by Fe 3 O 4 @ CMC@PPDIL nanomaterial, which reduces the extraction of a-Chy onto Fe 3 O 4 @CMC@PPDIL. Thereby, no NaCl was adopted next.
Comparison of extraction capacity on different analytes
The synthesized Fe 3 O 4 @CMC and Fe 3 O 4 @CMC@PPDIL nanomaterials were applied in the MSPE for several kinds of analytes, a-Chy, BSA, OVA, Lys and BHb, to verify the extraction ability. It can be seen from Fig. 7 that all the ve kinds of analytes can be extracted by the two kinds of extractants to different degrees. Typically, the extraction capacity of Fe 3 O 4 @ CMC@PPDIL for a-Chy (122.91 mg g À1 ) is the highest among them. Thus, it can be promising to use Fe 3 O 4 @CMC@PPDIL as a novel extractant for a-Chy.
Analysis of a-Chy activity
The change of biological activity of analytes before and aer pretreatment acts a crucial element to assess a pretreatment method. In this work, the extracted a-Chy was eluted from Fe 3 O 4 @CMC@PPDIL by phosphate buffer solution with pH value of 2. Herein, both the activity of a-Chy in the initial solution and eluent were tested, as shown in the illustration in Fig. 8 . By calculation, the activity of a-Chy in the eluent keeps 91.05% of initial activity. So it is inferred that the proposed MSPE method is effective to extract a-Chy.
Extraction stability, reproductivity and precision
Fig . 9A shows the result of stability experiment. The Fe 3 O 4 @ CMC@PPDIL was synthesized and stored at room temperature and pressure. It was used in MSPE procedure every day within seven days to test the stability of this material. It's not difficult to nd that there is no difference in extraction capacity as time goes by. In addition, the Fe 3 O 4 @CMC@PPDIL nanocomposite was used for extraction and desorption repeatedly to study the reproductivity. The result in Fig. 9B shows that the extraction capacity for a-Chy decreases slightly in the second cycle but keeps unchanged in the next several cycles, which is still a satisfactory value of 99 mg g À1 (81.15% of the initial extraction capacity). Besides, the precision of the Fe 3 O 4 @CMC@PPDIL-based MSPE method was also investigated. As shown in Table 1 , the RSD turns out to be 0.33% in the experiments of precision, which provides a convincing proof that the proposed method is of excellent precision.
Analysis of real sample
As a-Chy used in this work comes from porcine pancreas, the porcine pancreas crude extract was selected as the real sample in the practical part of this work. Referred to the literature, 32 the porcine pancreas crude extract was prepared. The analytical result by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is demonstrated in Fig. 10 . The specic band of a-Chy in the extracted real sample (lane C) obviously fades compared with the sample before extraction (lane B), which proves that Fe 3 O 4 @CMC@PPDIL indeed possesses extraction ability for a-Chy. What's more, the clearer band of aChy than that of other proteins in lane D implies that the purity of a-Chy can be improved through the MSPE method based on Fe 3 O 4 @CMC@PPDIL. 
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